In the present study, the influence of grape seeds flour (GSF) addition on the physico-chemical and white wheat flour dough rheological properties were investigated. GSF of two grape varieties, white and red, was added at three particle sizes (L, M and S) and different addition levels (0, 3, 5, 7, 9%) to the white wheat flour. The fundamental rheological properties were investigated by applying oscillatory tests using a dynamic rheometer. The storage (G') and loss (G") moduli in function of frequency and temperature respectively, were measured. Creep-recovery tests were also applied to evaluate grape peels-wheat flour dough behaviour. The results showed that the GSF incorporation increased protein content and alpha-amylase activity in composite flour with particle size decrease, affecting gelatization temperature. The changes in dough viscoelasticity depend on the particle size, addition level and grape variety, factors which affected dough capacity to deform. The effects of GSF from white grape were more pronounced compared to GSF from red grape variety. GSF addition exhibited an increase in values of both dynamic moduli, which was more pronounced for the white variety than for the red one. The knowledge of this information is useful in new products development, especially for bakery products manufactory.
Introduction
In the development of innovative products, new sources of ingredients such as vegetables or fruitprocessing by-products have been investigated for their potential to increase the nutritional value of cereal products. Bread is a convenient food based on wheat consumed worldwide (Bakke and Vickers, 2007) , generally made from white flour which has low dietary fiber content, can serve as a matrix for new functional food development. Incorporation of functional compounds such as dietary fibre and bioactive compounds in refined wheat flour had a great attention in recent years to fulfil the increasing demand for eating healthy and maintaining good health at affordable price.
Grape seeds, a solid by-product generated by wine industry, are being used increasingly to obtain ingredients, such as extract, oil and flour which have the potential to provide a wide range of food products with numerous health benefits (Lavelli et al., 2016) . They represent between 2 and 5% of grape weight (Brenes et al., 2016 ) and contains about 40% fiber, 10-20% lipid, 10% protein, complex phenolics, sugars and minerals (Mironeasa, 2017; Rockenbach et al., 2012) . Grape seeds are recognized for their nutritional properties of the oil, which is characterized by higher levels of unsaturated fatty acids and phenolics compounds (Choi et al., 2010; Bail et al., 2008) . In the fatty acid profile polyunsaturated fatty acids such as linoleic and linolenic acids are predominant (58%-78%), being essential for the human metabolism, whereas the proportion of monounsaturated and saturated fatty acids are 14.2%-21.3% and 11.6%-14.9%, respectively (Fernandes et al., 2013) . Grape seed oil has a high vitamin E content (85.5 to 260.5 mg/kg oil) (Fernandes et al., 2013 ) which helps to reduce the risk of suffering from arteriosclerosis and to decrease cholesterol values, its intake may be beneficial to prevent heart and circulatory problems (Bail et al., 2008) . Grape seeds are also valued for the phenolics compounds, such as anthocyanin, catechin, and gallic acid, the most important grape secondary metabolites with antioxidant properties. The phenolic content may range from 5% to 8% by weight of seeds (Baiano and Terracone, 2011) . The consumption of polyphenol-rich food has been associated with diseases prevention, such as different types of cancer and coronary heart conditions (Scalbert et al., 2005) . Several works reported in the literature the bioactive compounds applications in food, pharmaceutical, cosmetics and others products and their health effects (García-Lomillo et al., 2014; Guerra-Rivas et al., 2016). Grape seed is a potential source of dietary fibers (DF) with a high insoluble DF content (Mironeasa, 2017; Mironeasa et al., 2017) , better insoluble/soluble fiber ratio and low caloric content. Grape seeds DF are so-called ''antioxidant dietary fibre", defined by Saura-Calixto (1998) as a product that is composed of more than 50% of dietary fiber on a dried matter basis and present a natural antioxidant capacity equivalent to at lest 50 mg of vitamin E. Antioxidant dietary fiber is of great interest for various food applications due to its benefits for human health. Grape seed contain also mineral substances such as calcium, potassium phosphorous, magnesium, iron, manganese and zinc, copper (Amariei et al., 2018; Mironeasa et al., 2010) very important nutrients for the human body.
In recent years, grape seeds in the form of flour or powder, was used in food industry as an ingredient in different products such as cereal bars (Balestro et al., 2011) , biscuits and cookies (Mildner-Szkudlarz et al., 2013; Piovesana et al., 2013; Acun and Gül, 2014) , extruded snacks (Bender et al., 2016.) , and muffin (Bender et al., 2015) to develop products rich in fibre, with antioxidant capacity potential and good acceptances by consumers. As glutenfree ingredient, grape seeds flour can be used as a biologically active substance in food consumed by people who suffer from celiac disease.
Dough rheological characteristics have an essential effect on bread baking properties and, as well are determinants for the design of equipment and processes. Most researchers used empirical dough testing device such as Farinograph, Amilograph, Alveograph to study the rheological properties of wheat flour dough. Recently, the dynamic test and creep-recovery test have been used in various studies to evaluate the fundamental mechanical properties of wheat flour doughs which are more significant for dough handling behaviour during processing understanding or for clarifying the interactions among dough components (Berland and Launay, 1995) .
The use of grape seeds flour as dietary fiber source in white wheat flour in order to develop the new bread-making products modifys dough rheological characteristics, enhancing the quality of the product, as function of particle size. The effect of GSF in refined wheat flour dough with different particle size must be tested to improve the rheological characteristics. Particle size has an important role on the rheological behaviour of dough, influencing viscosity and bakery product quality (Ahmed et al., 2016 ). The knowledge of particle size influence on the functional and structural properties is needed to confirm the suitability of their use in bread products development and process engineering. To the authors knowledge there are some studies on the influence of grape seeds on the dough rheological parameters ( not dealing with two varieties of grape seeds, at three different particle sizes additions in wheat flour and the addition levels did not have the same concentrations.
Thus, the purpose of this study was to investigate the effects of three different GSF particle sizes, large (L > 500 mm), medium (200 mm > M < 500 mm) and small fractions (S < 200 mm) from two grape variety (white and red), additions at levels of 0, 3, 5, 7 and 9% in refined wheat flour on the physicochemical composition and dynamic rheological properties of dough. Dynamic rheological analysis was performed by applying the oscillatory and the creep-recovery tests using a dynamic Haake MARS Rheometer. To our knowledge, no report has been evaluated and compared the viscoelastic properties of wheat dough supplemented with three different particle sizes of grape seed from two varieties at five levels.
Materials and methods

Basic materials
Refined wheat flour of 550 flour type (harvest 2016) with 13.80% moisture content (ICC methods 110/1), 0.55% ash content (ICC 104/1), 11.05% protein content (ICC 105/2), 28.0% wet gluten content (ICC 106/1), 4.00 mm gluten deformation index (SR 90:2007) and a falling number index of 354.5 s (ICC 107/1) was supplied by S.C. Dizing S.R.L. (Brusturi, Neamt, Romania). White wine grape pomace and red wine grape pomace were provided by the viticulture center Jaristea, Odobesti ecosystem. Grape seeds were separated manually from dried grape pomace in open air, ground in a domestic blender and sieved through a Retsch Vibratory Sieve Shaker AS 200 basic (Haan, Germany) to obtain grape seeds flour (GSF) at three different particle sizes: large, L > 500 mm, medium, 200 mm > M < 500 mm and small fractions, S < 200 mm. The GSF fractions (L, M and S) were incorporated in wheat flour at different substitution levels (3, 5, 7 and 9%), achieving the following coded samples: 3L, 3M, 3S, 5L, 5M, 5S, 7L, 7M, 7S, 9L, 9M and 9S. The sample with 0% GSF was used as control. The dough samples used for further analyses was prepared an optimal dough water absorption established by Farinograph.
Fundamental dough rheological properties
The fundamental rheology measurements were done by the use of a Haake dynamic rheometer (MARS 40, Termo-Haake, Karlsruhe, Germany). It was chosen a plate-plate geometry, at a constant temperature of 20.0 ± 0.1ºC, with a gap of 2 mm. The dough sample was fixed between the plates, the excess dough was carefully removed, and a thin layer of vaseline was applied to the exposed sample surface to prevent loss moisture during testing. Samples were let to rest between plates during 5 min before conducting the measurements. The measurements were conducted in the linear viscoelastic region (LVR). In this sense, first step of the measurements was strain sweep tests (0.01%-10%) at constant oscillation frequency of 1 Hz, without any damage of the dough, in order to establish LVR. Next, frequency sweep test from 1 to 20 Hz at 15 Pa stress, in the LVR, for the samples formulated was applied to determine the storage modulus (G') and the loss modulus (G"). The temperature sweep tests were then performed at a constant strain of 0.15% and a frequency of 1 Hz, dough being heated from 20 to 100 o C at a heating rate of 4.0 ± 0.1 o C per min. The storage modulus (G') and loss modulus (G") were recorded as a function of temperature. To simulate different stress during bread dough production, the oscillation test with small forces was complete with a creep-recovery test at force which is still in the LVR, the dough being kept under a pressure of 50 Pa for 60 s and after removing the pressure there was a relaxation time of 180 s. The maximum compliance (Jc max ) value reached in the creep phase for 60 s, which corresponds to the maximum deformation and the maximum compliance value at the end of the recovery phase (Jr max ), related to partial reformation after stress removal, were reported. The results of creep-recovery measurements are expressed as compliance, which corresponds to the strain divided by the imposed shear stress of 50 Pa. Also, the ratio between the compliance value at the end of the recovery phase (180 s) and the maximum creep compliance value reached in the creep phase for the 60 s was determined, as recovery percent, Recovery (%) = Jr max /Jc max (Abebe et al., 2015) . The experiments were conducted in at least two replications for each sample formulated.
The statistical analysis of the experimental data was done and results were expressed as mean value with the standard deviation. The analysis of variance (ANOVA) and the post-hoc multiple comparisons with subsequent least significant difference (LSD) test at a significance level of p < 0.05 (SPSS version 16.0) in order to evaluate the difference between the parameters of the different formulations was performed. 
Results and discusion
The effect of grape seeds on the chemical composition of wheat flour GSF addition in white wheat flour leads to changes in the chemical composition and falling number index values. Table 1 summarizes mean and standard deviation values for physicochemical properties of samples formulated in function of particle size, addition level and grape seed variety.
For both GSF additions in wheat flour, it may be seen an increase in ash and protein content with GSF particle size decrease, the higher values were obtained for S particle size. This increase may be due to the ash and protein content of S particle size of GSF which is different as compared to the M and L particle sizes. Statistically significant diference was obtained for protein content between samples with L M and S particle sizes (p < 0.05), for both grape seeds varieties. Our results showed that the samples with GSF from each variety had a significant increasing effect (p < 0.05) of ash and protein contents with the increase of addition levels. The ash and protein content were significantly higher (p < 0.05) in samples with GSF from red grape variety comparing to the GSF from white variety ( Table 1 ). The moisture content increased with decreased of GSF particle size from white variety at addition levels above 5%, being lower comparing to the control sample. On the other hand, a decrease of moisture with the decrease of GSF particle size from red variety addition was found which can probably be due to the moisture difference between the white grape seeds flour and the red one. In respect to the addition level, the moisture content significantly (p < 0.05) decreased with the increase of GSF level addition from both grape seeds varieties.
The falling number index (FN) values decreased with the decrease of GSF particle size addition for both types of grape varieties, and 9%) of GSF, means in the same column with different superscript were significantly (p ≤ 0.05); x-z for the same addition level of GSF and different particle sizes (L, M and S), means in the same column with different superscript were significantly (p ≤ 0.05).
indicating an increase of alpha-amylase activity with particle size decrease in the flour blends. This effect is due to the fact that alpha-amylse is a metalloenzime which depends on the presence of metal ions calcium in its molecule for its activity (Sundarram et al., 2014) . It is known that within macro elements, calcium is the most abundant in the grape seeds (Ahn and Son, 2012; Mironeasa et al., 2010) and therefore, an increased level of GSF in GSF-wheat flour mix will lead to an increase of alpha-amylase activity. This increase of alphaamylase activity, especially in the flour with low alpha-amilase activity, conducts to an improved quality of the final bakery products due to the fact that alpha-amilase provides fermentable sugars for the yeast, increasing bread volume, crust color, improving crumb structure, e.g. A similar trend for the FN values variation was also reported by Mironeasa et al., (2012; 2014). Significant diferences (p < 0.05) was obtained for FN index between samples with L and M, S particle sizes from white grape variety, while the differences between particle sizes from red grape variety was non-significant (p > 0.05). Compared to the control sample, the FN index significantly varied (p < 0.05) in samples with 5, 7 and 9% GSF addition level for both grape variety (Table 1) .
Fundamental dough rheological properties
The dynamic rheological properties determined for white wheat flour dough with different particle sizes and different levels of GSF from white and red grape varieties are shown in Figure 1 (A1-D1) and (A2-D2) for frequency sweep tests, while the evolution of dynamic modulus with temperature is shown in Figure 2 (A1-D1) and (A2-D2).
The experimental data of storage modulus (G'), as a measure of the solid or elastic character of the dough, and loss modulus (G") as a measure of the liquid or viscous character, for all dough samples formulated with GSF at different particle sizes and addition levels, as it was expected, showed G' > G". An increase of dynamic moduli values with the increase of oscillation frequency within the range from 1 to 10 Hz can be observed for all samples (Figure 1 ). This behaviour can be attributed to the presence of binding agents in the mix flour doughs and attractive forces between starch granules are predominant. The loss modulus exhibit lower values than the storage modulus in the whole range of frequency, suggesting a solid, elastic-like behaviour of all dough samples under the testing conditions. Both moduli have higher values for white GSF mixes as compared to the red ones. G' and G" values of composite flour dough were higher, in the case of grape seed from white variety, than those reported for wheat flour (Salvador et al., 2006) . The increase of moduli might be attributed to different interactions between starch granules with different particle sizes of GSF. The addition of GSF enhanced elasticity of the dough differently. The particle sizes of the different addition levels do not have a similar trend. For example, for the S particle size, the 7 and 9% addition levels cause a higher increase of G' compared to 3 and 5% additions for white GSF.
The results indicate that the additions of GSF at different levels and particle sizes caused an increase in bread dough elasticity (G') and viscosity (G"), especially for dough samples with white GSF, G' was greater than G", in the whole range of frequencies. Both moduli slightly increased with frequency for all dough formulations, in dependency on the GSF concentration and particle size, suggesting a solid elastic-like behaviour of the GSF-wheat flour dough formulations. The elasticity increase dominates over that of viscosity, obtaining significantly higher values for composite flour dough than for wheat flour dough, according to the results reported by Lamacchia et al., (2010) for oat wholemeal dough and wheat dough.
All the particle sizes applied at a level of 3%, for both varieties, led to a similar trend of the moduli. Higher G' values were obtained for 3M addition of white GSF than of red GSF. As it is evident in Figure  1B2 , the addition of GSF from red variety caused a lowering of dough elasticity as it can be seen from the drop of G' for the GSF_5S-wheat flour mix as compared to the control sample, while the dough viscosity (G") has a value closed to the control wheat flour dough, in according to the results obtained by Moreira, (2010) for smallest particle size of chestnut flour. Dough elasticity increases for S particle size at 7% addition level (GSF_7S) ( Figure 1C2 ), but at 9% it decreases again close to the control ( Figure 1D2 ). This fluctuations can be explained by the differences between the hydration capacities of the flour mixes. The decrease is more proeminent at higher frequency. Also, the different interactions between starch granules and GSF particle size have an influence, the structure and related to this variations. The different temperature sweep curves for the samples with GSF at different levels and particle sizes added in white wheat flour are shown in Figure 2 . As it can be observed, all dough samples with GSF showed similar thermomechanical behaviour as wheat flour
Effect of grape seed flour (GSF) addition from white (A1-D1) and red (A2-D2) grape varieties at different levels (3, 5, 7 and 9%) and particle size (L, M and S) as compared to control sample (0% GSF) on changes of the storage modulus (G') and loss modulus (G") vs. temperature (T) dough control. The changes in dynamic moduli, G' and G", as the temperature increases highlights three distinst stages for dough samples. The first stage indicates a decrease of the moduli values at low temperature due to the proteins denaturation which lose their capacity to retain water and are linked gradually by the starch granules which gelatinize, leading to the rises of dough viscoelastic properties. This rise is related to the content of alpha-amylase from wheat flour and mix flours, respectively, a higher content of amylase will cause a lower increase (Codină et al., 2012). In the second stage, G' increases rapidly until achieves a maximum value due to the swell rising of starch granules indicating the gelatinization of starch. Dough viscosity and elasticity increased, amylose leached out into the aqueous intergranular phase during the gelatinization process (Addo et al., 2001) . Starch gelatinization was finished in the third stage and the dynamic moduli began to decrease due to starch degradation. After adding GSF, the temperatures at which the maximum value of G' and G" was observed were dependent on the particle size and level of GSF. An increase of modulus with the addition level increase of GSF from white grape variety was observed for samples with S particle size. This increased can be related to the protein content higher in S so than to the M and L particle sizes. In agreement with Eliasson and Gudmundsson, (1996) , protein content has a greater influence on the changes induced by heat during the first heating stages, until the inflection point is reached, after which the effects of the gelatinised starch become dominant. The presence of protein remarkable affected rheological changes in the dough during heating, increasing gluten cross-linking, during complete starch gelatinization the G' increases rapidly, obstructing other effects (Weipert, 1990 ). Compared to the control sample, the peak value of G' and G" significantly increased in case of added GSF from white grape variety and slightly decreased for red grape variety, excepting L and M particle sizes at 9% addition level.
As it can be seen from Figure 2 (A1-D1), the samples with GSF from white grape variety presented the higher values of the G' and G" moduli for all particle sizes and levels of addition in wheat flour, which may be correlated with de FN index values. For GSF from red variety, different particle sizes and addition leves slightly decrease G' and G" values. In the gelatinization temperature range, the moduli values are lower for dough samples with GSF addition at all particle sizes for 3 to 7% addition levels probably due to the high content of fat from grape seed from red variety (Mironeasa, 2017) and due to the starch dilution. Only for GSF_9L and GSF_9M an increase of loss and storage moduli as against the control sample was recorded. The heat-induced process at the initial heating from 20 to 60 o C leads to the proteins weakening, dough softening and decreases moduli values, according to the results reported by Rosell et al., (2007) . An increase of both moduli can be seen once the temperature gets higher. This behaviour can be related to the starch granules which absorb the water available in the dough system during gelatinization process, increasing dough viscosity.
The results of creep-recovery measurements for the composite flour with GSF from two variety revealed similar viscoelastic behaviours to that of pure wheat dough, exhibiting an increasing strain under the applied stress and partial reformation after stress removal (Abebe et al., 2015) . The creep phase comprise instantaneous elastic (1), retarded elastic (2) and viscous deformation (3), while the recovery phase, includes instantaneous elastic recovery (4) and retarded elastic recovery (5) (Figure 3) . The maximum creep compliance (Jc max ) and the maximum recovery compliance (Jr max ) measured at the end of the creep and recovery phase represent the parameters readily available from the creep-recovery curves. During creep phase, the deformation reaching its maximum value, the compliance (J) increased at Jc max value at time 60 s, and then, during recovery phase, stress is removed instantly, and an appreciable decrease of compliance Jr max value was observed until almost achieved the steady state at time of 240 s (Figure 3 ).
From the Table 2 it is seen that GSF-wheat composite flour dough compared to the wheat flour dough showed variations in the compliance values in function of particle size, addition level and grape variety. The maximum creep compliance (Jc max ) values significantly decreased (p < 0.05) for dough samples with GSF from white variety compared to the control, the minimum values was reached for S particle size at 7% addition level, indicating higher resistances to deformation. The dough sample with low compliance resist stronger against deformation than dough with (3), while the recovery phase, includes instantaneous elastic recovery (4) and retarded elastic recovery (5) . Jc max , Jr max -maximum compliance reached in creep and recovery phase, respectively. Table 2 . The creep and recovery parameters of white wheat flour dough as influenced by grape seed flour addition from two grape varieties at different levels and particle size high compliance, indicating the formation of stronger bonds between the macromolecules in wheat flour and S particle size of GSF. With GSF level increase in dough system, the maximum deformation decreased due to the increase of solid state properties, the Jc max parameter being significantly lower (p < 0.05) for white GSFwheat blends than the control, except for 3% of L particle size. At the 5% level of addition, GSF from red variety conducted a lower significantly (p < 0.05) decrease of Jc max parameter, compared to the control (Table 2) . Therefore, the dough samples with GSF from red variety had lower resistance to deformation than samples with GSF from white variety which had a strengthening effect on dough, especially for 5% level of addition of M particle size. The obtained results are in agreement with those reported by Meral and Dogan, (2013) . This strengthening effect can be related to the hydroxyl groups from phenolics compounds. GSF from white variety contains higher amount of phenolics compounds than the GSF from red variety . Phenolics compounds may directly interact with proteins resulting in non-covalent or covalent bonding, protein-polyphenols interactions modify proteins, influencing the quality and functional properties of food (Baxter et al., 1997) . In addition, the interactions between insoluble dietary fibre present in GSF and wheat proteins may be responsible for the increase in dough stiffness, in agreement with the results reported by Goldstein et al., (2010) . GSF particles can act as filler in the dough matrix and therefore, influence the resistance of dough to deformation. The decrease in dough consistency or increase in compliances is related to the dough capacity to deform. A greater resistance to deformation was reported in strong bread flour dough than softer pastry flour dough (Wang and Sun, 2002) . In most baking applications bakers generally preferred strong dough due to the better rheological and handling properties, better form and texture quality of the final products. Analysis of variance (ANOVA) results ( Table 2 ) indicated that there was significant difference (p < 0.05) in Jc max GSF substituted flour dough samples with regards to both GSF varieties and all particle size. The addition level had a significant effect on Jc max parameter of dough samples with GSF from white variety. In respect to the samples with GSF from red variety, only the dough samples with 5% and 7% adition levels differ significantly (p < 0.05) in Jc max compared to the control.
The recovery analysis data showed that the GSF addition in white wheat flour dough has different effect in function of grape variety, addition level and particle size. The Jr max values of the composite dough samples with GSF from white variety were significant (p < 0.05) lower than that of dough samples with GSF from red variety ( Table  2 ). The doughs with GSF from red grape variety had a greater increment effect on the elastic recovery of composite flour dough than grape from white variety, especially in the case of dough samples with S particle size. An increase in elastic recovery was also obtained with increase of GSF addition level from red grape variety compared to control, which implies less deformation or breakage of the composite network (Skendi et al., 2009) . A damaged structure and no links between wheat flour and GSF constituents is indicate by the small value of the elastic recovery in the case of sample with S particle size from white grape variety, except 5% addition level. But, a high value of the elastic recovery (88.89%) was found at 7% addition level for sample with M particle size. The grape variety, particle size and addition level seemed to be responsable for the variability in elastic recovery of the dough formulations. With increasing GSF addition level from white grape variety in dough sample the maximum compliance in the recovery phase (Jr max ) significantly (p < 0.05) decrease at 3, 5 and 7% addition levels than control, suggesting the irreversible breakage of the elastic bonds in the dough samples containing GSF. An increase in elastic recovery with increase of addition level was found in dough samples with GSF from red variety, compared to control ( Table  2 ). The obtained values from recovery percentage of composite flour dough formulations are in the same range that reported values for some gluten formulations (Lazaridou et al., 2007) . The ANOVA results revealed that there was significant difference (p < 0.05) in percentage recovery with regards to both GSF varieties and all addition levels except of 9% GSF level from white variety. The highest percentaje recovery was found in dough samples with GSF from red variety. The GSFwheat flour dough which showed high percentage recovery can resist stronger against deformation due to the formation of elastic bonds between the macromolecules in wheat flour and GSF.
